1. Introduction
===============

The Diabetes Control and Complications Trial/Epidemiology of Diabetes Interventions and Complications studies have confirmed that strict control of blood glucose can significantly reduce and delay diabetes complications and improve the quality of life of patients.^\[[@R1]--[@R3]\]^ Based on DCCT/EDIC and other studies, the target hemoglobin A1C (HbA1c) for all children and adolescents is recommended to be less than 7.5%, and less than 7% for adults.^\[[@R4]--[@R6]\]^ However, a 2011 study by the International Diabetes Federation (IDF) investigating coverage, cost and care of type 1 diabetes mellitus (T1DM) in China (3C study) showed a very poor glycemic control in China; median HbA1c levels in both centers (Beijing and Shantou) were 8.50%, with 9.97% in Shantou,^\[[@R7]--[@R14]\]^ which are not only much higher than the target HbA1c in guidelines, but also elevated compared with the amounts in developed countries.^\[[@R15]--[@R17]\]^ How to improve metabolic control, and reduce the gap between patients and guide them is an urgent task for the prevention and treatment of type 1 diabetes in China.

To improve glycemic control, the type 1 diabetes disease management program (DMP) was established in Shantou center after the 3C study, according to chronic disease management systems (CDMS) and clinical practice guidelines (CPGs). Although the DMP has been used in diabetes improvement projects in many developed countries, it has never been tested in China. There is a lack of empirical evidence even for short-term efficacy of DMP for T1DM in China. The effects of DMP on glycemic control remain unexplored. The factors that influence glycemic control remain also unidentified. The aims of this study were to evaluate the effects of DMP on glycemic control in individuals with T1DM from the 3C study Shantou Center during the 3 years of follow-up, and to determine the influencing factors associated with glycemic improvement. We hypothesized that DMP implementation would lead to glycemic improvement and some controllable influencing factors identified could guide clinical management.

2. Design and methods
=====================

2.1. Design
-----------

The DMP was evaluated by a prospective cohort study using a before-and-after self-control design starting in April 2012; the patients were followed up until April 2015. The primary outcome was HbA1c level change. Secondary outcomes included changes of acute complication incidence, self-care activities, compliance rate for low-density lipoprotein cholesterol (LDL), insulin regimen, and insulin dose. The study was approved by the ethics committee of the First Affiliated Hospital of Shantou University Medical College, and the procedures conformed to the tenets of the Declaration of Helsinki. All participants provided signed informed consent.

2.2. Participants
-----------------

The participants were recruited from the 3C study Shantou subgroup. T1DM patients who accepted long-time follow-up were recruited as participants; those with hearing, visual, physical, or mental impairment were excluded. Finally, 240 individuals were enrolled in this study, and divided into several groups according to age levels to receive DMP in the First Affiliated Hospital of Shantou University Medical College.

2.3. Interventions
------------------

Each participant was evaluated once a month and more often if indicated. The management team consisted of diabetologists, dietitians, educators, psychological therapists, and nurses with expertise on diabetes, who followed the management regulations prescribed in the CPGs accurately, building a private personal database for every individual with established T1DM. As there were no Chinese guidelines for type 1 diabetes in 2012, we used the International Diabetes Federation/International Society for Pediatric and Adolescent Diabetes (IDF/ISPAD) Guidelines for Diabetes in Childhood and Adolescence, 2011^\[[@R7]\]^ as well as the American Diabetes Association (ADA) Medical Standards (2012)^\[[@R8]\]^ and the International Standards for Diabetes management (2009).^\[[@R9]\]^ Six management items were performed. Self-management education: each patient and parents (for patients under the age of 18) attended a diabetes education class lasting 4 hours each month, underwent evaluation for education efficiency, took diabetes education booklets home, and received diabetes information via smartphones. Self-monitoring of blood glucose (SMBG): a glucometer (Johnson & Johnson Onetouch Ultra, American) and 100 test strips each year were freely provided to each patient in DMP. Every patient and parents must master assessment and monitoring skills for glycemic control. Nutrition therapy: experienced dietitians conducted nutrition therapy into diabetes management and education by using the foodstuff substitution method according to ADA and ISPAD guidelines. Physical activity: patients were advised to perform at least 150 min/week of moderate-intensity aerobic physical activity (50%--70% of maximum heart rate), spread over at least 3 days/wk with not more than 2 consecutive days without exercise. Health care providers provided individualized exercise therapy plan according to patient age, heat rate, and other health conditions. Patient-centered self-management: diabetologists proposed individualized blood glucose target and therapy management for each patient with T1DM according to ISPAD and ADA guidelines. During follow-up diabetologists adapted their therapy management to blood glucose data, insulin administration, and economic status. Regular testing of blood glucose and lipid levels, as well as acute and chronic complications, according to ISPAD and ADA guidelines.

2.4. Data collect and measurements
----------------------------------

At each visit, blood pressure, body weight, height, waist-to-hip ratio, and laboratory measurements were performed according to routine protocols. Treatment compliance and self-care including drug use, insulin dosage and injection, SMBG, and life-style modification were recorded by doctors during clinical visits. Lab tests and diabetes complications were screened at each scheduled visit. HbA1c, urinary albumin/creatinine ratio (ACR), and urinary ketone bodies were assessed every 3 months. Lipid levels and ophthalmic fundus examination were assessed every 12 months. HbA1c levels were measured by the Dry immune markers scattering quantitative method with a point-of-care testing analyzer (Afinion AS100, Norway).

2.5. Statistical analysis
-------------------------

Means and standard deviations or percentages were calculated for various variables. *T* test was used to assess differences in means between 2 groups; *χ*^2^ test was used for categorical variables. A linear mixed model was fitted to identify predictors of HbA1c improvement at 36 months of follow-up. Data from different visits over time were analyzed in a repeated measurements model. A linear mixed model included the following independent variables: gender, age, duration, education level, average monthly family income, type of medical insurance, type of habitat, frequency of SMBG, days of diabetes diet compliance in the last week, physical activity ≥150 min/wk or not, presence or absence of diabetic ketoacidosis (DKA) at onset, presence or absence of a family history of diabetes, insulin dose, and insulin regimen.

A total of 240 individuals with T1DM were enrolled, including 201 who completed follow-up for 3 years. Thirty-nine cases were lost to follow-up, including 14 for immigration reasons and 25 who were out of touch. To avoid loss of effective information, data from the 39 cases lost to follow-up were included in baseline demographic (Table [1](#T1){ref-type="table"}) and mixed linear regression (Table [2](#T2){ref-type="table"}) analyses. Nevertheless, the 39 cases were excluded from the final dataset (Table [3](#T3){ref-type="table"}) and comparisons between baseline and follow-up data (Table [4](#T4){ref-type="table"} and Fig. [1](#F1){ref-type="fig"}), to avoid information bias.
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Profile of participants.
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Linear mixed models to estimate strength of study variables to predict improvements of glycemic control in DMP from baseline to 36 months follow-up.
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Changes in primary and secondary outcome measures over 36 mo in DMP.
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Changes in HbA1c from basal to 36 mo stratified by different insulin treatment.
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![Changes in HbA1c levels over 36 months in DMP. ^∗^*P* \<0.05, ^∗∗^*P* \<0.01, ^∗∗∗^*P* \<0.001 compared with baseline HbA1c. There were 201 cases, excluding those lost to follow-up. DMP = diabetes disease management program, HbA1c = hemoglobin A1C.](medi-95-e5681-g005){#F1}

3. Results
==========

A total of 240 individuals with T1DM were enrolled, and 201 completed 3-year follow-up. Demographic and clinical characteristics of the study population are shown in Table [1](#T1){ref-type="table"}. At baseline, median age was 24.77 years, with a median T1DM duration of 5.12 years. Most participants had low income and low education level, and were predominantly from rural areas, similar to data of 3C study.

Changes in primary and secondary outcome measures over 3 years in DMP are shown in Table [3](#T3){ref-type="table"} and Figure [1](#F1){ref-type="fig"}. After interventions, there was a significant decrease in HbA1c levels from baseline to final values at 36 months. Mean pre- and postintervention HbA1c levels were 10.26% ± 3.30% and 8.57% ± 1.57%, respectively (*P* \<0.001). 38.80% of individuals achieved target HbA1c and 70.53% showed improved overall glycemic control at the trial endpoint. Percent population with LDL-C \<2.6 mmol/L increased from 57.30% to 80.32% (*P* \<0.001). There were no significant differences in incidence rates of acute complications between baseline and postintervention. Specifically, the incidence of hypoglycemia was not significantly increased. According to diabetes self-management, significantly increased proportions were found in diabetes diet compliance, exercise, SMBG, basal-bolus insulin treatment, and complication screening according to CPGs.

Furthermore, linear mixed models were used to identify predictors of improvement in glycemic control (Table [2](#T2){ref-type="table"}). The factors associated with glycemic improvement were insulin treatment regimen, frequency of SMBG, diabetes diet adherence, physical activity, and duration of diabetes. Participants with basal-bolus approach, higher frequency of SMBG, higher diabetes diet compliance, more physical activity, shorter diabetes duration exhibited greater improvement in glycemic control in DMP. No other variables were significantly associated with changes in HbA1c. Insulin treatment regimen had the strongest correlation with HbA1c (*P* = 0.06) among relevant factors.

Since insulin treatment had the strongest correlation with HbA1c, we further analyzed the effects of different insulin regimens on glycemic control. As shown in Table [4](#T4){ref-type="table"}, individuals with basal-bolus insulin regimen had better glycemic control compared with those with premix insulin regimen. Among them, the individuals who changed insulin treatment from premix to basal-bolus insulin or insulin pump regimen had the greatest glycemic improvement.

4. Discussion
=============

As a complex chronic disease, diabetes imposes a unique burden on the health care system, and the people providing and/or receiving care. China\'s medical system still lags far behind the Western one. The existing differences among numerous diabetes patients increased health service demand and lack of health care resources is increasing acute and widespread. In classical Chinese medicine, diabetes treatment depended on patients' enthusiasm of seeing doctors because of the lack of follow-up management system. Current care and education of individuals with type 1 diabetes remain poor. The deficient knowledge of diabetes and poor medical compliance lead to unsatisfactory outcomes, for example, high frequency of DKA. Nearly 41% of children with undiagnosed diabetes present with diabetic ketoacidosis, a life-threatening acute complication of diabetes that occurs with late or misdiagnosis.^\[[@R18]\]^ Due to insufficient capital input from the government and a nonbalanced medical insurance system, the current living status of T1DM patients in underdeveloped regions of China is more serious. Therefore, it is really urgent to improve the treatment of T1DM, changing the retrograde medical mode and management system.

The type 1 diabetes disease management program, according to CDMS, includes essential components for chronic disease: supportive health policy, decision support, timely information, access to essential medicines and technology, self-management education and follow-up, innovative delivery system design, and training of health professionals. Based on the current findings, the DMP was really effective. Glycemic control was significantly improved in participants of DMP. 38.80% of individuals achieved the target HbA1c, and 70.53% showed improved overall glycemic control. Furthermore, the proportion of individuals following diabetes self-management was significantly increased, and 37.22% of individuals changed insulin regimen from premix to basal-bolus type; 39.29% checked blood glucose at least once per day, and more than 90% completed complication screening according to CPGs. In 3C study HbA1c was significantly associated with region, income, education level, and injections/day; meanwhile, injections/day was significantly associated with hours of education. In this follow-up study, changes in glycemic control were associated with insulin treatment regime, frequency of SMBG, diabetes diet adherence, physical activity, and duration of diabetes.

DMP is a highly complex intervention with the potential to improve glycemic control. A number of controlled studies have examined the efficacy of management program interventions for diabetes mellitus. A meta-analysis indicated that integrated management is associated with a significantly improvement in glycemic control and self-care activities.^\[[@R19],[@R20]\]^ Siminerio et al^\[[@R21]\]^ showed a significant decrease by 0.95% in HbA1c after implementation of DMP. In Hong Kong, the proportion of patients achieving the target HbA1c was shown to be 3 times in the DMP group compared with the control group.^\[[@R22]\]^ Loveman et al^\[[@R23]\]^ conducted a systematic review to assess the clinical and cost effectiveness of educational interventions in 24 studies. The results showed a long lasting improvement in metabolic control and reduced complications in T1DM patients.^\[[@R23]\]^

Compared with other studies, the most important finding of this work was that insulin regimen had the strongest correlation with HbA1c in Chinese individuals with T1DM. Correcting insulin treatment (from premix insulin to basal-bolus injection 4 times/d) yielded the greatest glycemic improvement in the DMP. Intensive insulin therapy using the basal-bolus approach, whether as multiple daily injections or pump therapy, is considered the best treatment for individuals with T1DM regardless of age.^\[[@R16],[@R24],[@R25]\]^ Yet, so many patients chose premix insulin in Shantou before. In 3C study the trend in Shantou to use premix insulin with 2 daily injections was reviewed with local experts who stated that patient compliance, convenience, and cost was the rationale for this practice. This implies availability and optimal use of insulin, tailoring the treatment according to the patient\'s/family\'s personality, preference, and way of living. Educating the patients and their families and training health care professionals are equally important. Our previous study suggested injections/day is significantly associated with hours of education. Several studies also found that with education and follow-up, reduced HbA1c and higher quality of life can be achieved without increased incidence of acute complications using multiple daily insulin injections.^\[[@R26]\]^ In the present study, education and switching follow-up patients to standardized treatment yielded significantly great benefits from DMP, consistent with other reports.^\[[@R25],[@R26]\]^

An interesting finding was that compared with changing insulin type, adjustment of insulin dose did not lead to significant glycemic improvement (*P* = 0.122). This suggested that rigid adjustment of insulin dosage in follow-up or outpatient visits may not be so important. There has been a change in emphasis from medical disease management to self-care by patients, in collaboration with health-care providers.^\[[@R27]\]^ The terminology of adherence and compliance are gradually being replaced by self-management in T1DM care. CPGs and empowerment education place greater emphasis on the skills of self-flexible adjustment of insulin doses. Modification of insulin dosages based on diet and exercise can be challenging for patients, and should be considered an essential part of patient education. It is important that patients adjust their insulin doses appropriately in response to factors such as carbohydrate intake, lifestyle, exercise, and concurrent illness to minimize the risk of hypo- or hyperglycemia. Other programs have demonstrated that appropriate education can improve glycemic control while giving the individual more flexibility in terms of diet rather than having to adhere to rigid calorie control and fixed insulin doses.^\[[@R28]\]^

The incidence of hypoglycemia appears low in the 3C study. This may be due to the high HbA1c far above the target in Shantou. However, although HbA1c greatly decreased after systemic management, hypoglycemic events showed no significant changes. This suggested improved glycemic control does not imply increased hypoglycemia in DMP, corroborating other studies. For example, the UK-based Dose Adjustment for Normal Eating (DAFNE) program improves glycemic control and the quality of life while saving costs, without increasing the risk of severe hypoglycemia.^\[[@R29]\]^ Similarly, in the Dusseldorf Diabetes Treatment and Teaching Program, HbA1c fell significantly from 8.1% to 7.3%, as did the number of severe hypoglycemic episodes.^\[[@R28]\]^

Following a diabetes diet and regularly exercising both improved glycemic control in DMP. Indeed, diabetes diet and physical activity are 2 of "5 carriages" in diabetes therapy; yet, most individuals with T1DM do not know how to put into practice. Unlike in developed countries, the barrier of carrying out management following a diabetes diet and physical activity is not hypoglycemia^\[[@R30],[@R31]\]^ but lack of education in China.

In the 3C study, due to lack of awareness and low socioeconomic conditions, most patients did not follow SMBG regularly. So a free glucometer with 100 test strips each year was provided to each patient in DMP. The results suggested that increased frequency of SMBG is another factor leading to improved glycemic control. Additional studies showed that frequent and accurate blood glucose monitoring as well as concomitant optimal adjustment of insulin to carbohydrate intake and exercise are required to attain and maintain optimal conditions.^\[[@R32],[@R33]\]^ The frequency of SMBG is associated with improved HbA1c in patients with T1DM.^\[[@R32]--[@R35]\]^ Karter et al^\[[@R36]\]^ found adults with T1DM who self-monitor 3 or more times per day have an HbA1c 1% lower metabolic control. Yet, to this day, most patients cannot monitor their blood glucose 4 to 6 times per day as guidelines recommend. A consistent barrier is financial situation. Few patients in China can afford blood glucose self-monitoring equipment. The government and Department of Medical Insurance should get involved in providing the needed help.

Another finding was that individuals with shorter duration showed greater improvement in glycemic control than patients with longer duration. This may be related to psychology and self-care adherence. Patients with longer duration pay insufficient attention to diabetes and self-care practices because of high study and work-related stress. Furthermore, with course extension, patients may suffer chronic complications of diabetes, which cause long-lasting psychological effects. The 3C study found that EQ index, a standardized index of health-related quality-of-life, is significantly lower in adults than in both children and adolescents. Seven adolescents with T1DM had a higher rate of depression and lower self-esteem^\[[@R37]\]^ than younger children.^\[[@R38]\]^ The older the participants, the worse their perceived school support and self-care behaviors.^\[[@R39]\]^ Bad glycemic control would depress the patients, who consequently give up strict self-care, thus forming a vicious circle. This suggests more attention should be paid to patients with long diabetes duration, providing more psychological care and self-care education.

In the 3C study HbA1c was significantly associated with region, income, and education level. However, it was interesting that a number of other variables examined, for example age, gender, education level, and income did not appear to significantly predict glycemic control in DMP. This suggested that, in general, DMP is effective in improving glycemic control across a broad range of patients with type 1 diabetes.

This study had several limitations. Participants were recruited using convenience sampling from 6 hospitals in Shantou city. This may limit the generalizability of the results. Further studies should include larger samples, with more diverse participant populations. In addition, we used a cohort study design; case-control studies should be carried out to confirm the effectiveness of DMP. Finally, follow-up duration could be longer.

In summary, this 3-year follow-up cohort study indicated that DMP effectively improved metabolic control in patients with T1DM; the short-term management led to HbA1c decreasing by 1.7% and HbA1c compliance rate increasing by 20%, with no increase of hypoglycemia incidence. The controllable influencing factors related to glycemic improvement were basal-bolus regimen (multiple daily injections or pump therapy), more frequent SMBG, increased total physical activity, and better diabetes diet adherence. Changing the insulin regimen has the most important effect on glycemic control, while adjustment of insulin dose did not lead to significant glycemic improvement.

The above evidence suggested that the medical staff should focus on integrated management, diabetes education, and active follow-up in type 1 diabetes patients. Correcting insulin regimen (from premix to basal-bolus injection 4 times/d) is strongly recommended. The old medical management that promotes waiting in the outpatient department and adjusting insulin doses rigidly should be abandoned. Patients with short disease duration should be paid more attention because they may have greater benefits from DMP.
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